Four pentacyclic triterpenoids were obtained from the leaves of Combretum oliviforme Chao, 3β-hydroxyolean-12-en-28-oic acid (1), 23-O-[α-L-(4'-acetylrhamnopyranosyl)]-imberbic acid (2), 23-acetoxy-3β-acetylimberbic acid-29-methyl ester (3), and 23-O-[α-L-rhamnopyranosyl]-1,3β-diacetylimberbic acid (4). Hydrolysis of 2 and 4 gave 23-hydroxyimberbic acid (5). The structures were elucidated by NMR, electrospray ionization mass spectrometry (ESIMS) and comparison with literature data . Compounds 1, 2, 3 and 4 were isolated from C. oliviforme Chao leaves for the first time and 3 for the first time from any natural source. All compounds were tested in vitro for their activity against human lung cancer cell line SPC-A-1, human erythroleukaemic line K562 and human gastric cancer SGC-7901 cells . Compounds 1, 3, 4 and 5 had cytotoxic activity for the three cell lines with IC 50 0.69-69.68 µM. These results suggest that the presence of acetyl group in the triterpene aglycone structure plays an essential role for cytotoxic activity.
C. oliviforme Chao, a species endemic to China, is distributed in Hainan, Yunnan and Guangxi province. To date, neither phytochemical nor pharmacological studies have been carried out on C. oliviforme Chao. In the course of searching for plant anticancer agents the leaves of C. oliviforme Chao were investigated and four pentacyclic triterpenoids obtained: 3βhydroxyolean-12-en-28-oic acid (1), 23-O-[α-L-(4acetylrhamnopyranosyl)]imberbic acid (2) , 23-acetoxy-3β-acetylimberbic acid-29-methyl ester (3) , and 23-O-[α-L-rhamnopyranosyl]-1,3β-diacetyl-imberbic acid (4) . Hydrolysis of compounds 2 and 4 gave 23hydroxyimberbic acid (5) . Compounds 1, 3, 4 and 5 exhibited reasonable cytotoxicity against human lung cancer cells (SPC-A-1), human erythroleukaemic cells (K562), and human gastric cancer cells (SGC-7901).
The triterpenoid skeleton of compounds 1-5 was suggested from the presence of vinyl, carbinol and acetyl moieties in the 1 H NMR and the crowded signals of -CH 3 , -CH 2 and -CH protons at δ H 0.5-δ H 2.0. The 13 C NMR spectrum confirmed these findings [11] . The structures of compound 1, 2, 4 and 5 were characterized as 3β-hydroxyolean-12-en-28-oic acid [12] , 23-O-[α-L-(4'-acetylrhamnopyranosyl)]-imberbic acid, 23-O-[α-Lrhamnopyranosyl]-1,3β-diacetylimberbic acid [13] and 23-hydroxyimberbic acid [14] , respectively. The HRESIMS (positive-ion mode) of compound 3 exhibited a quasi-molecular ion peak at m/z 609.3768 [M+Na] + consistent with the molecular formula of C 35 H 54 O 7 Na (calcd for 609.3767), indicating a molecular weight of 586 Da. This was confirmed by the ESIMS which showed a peak at m/z 1195 [2M+Na] + . The IR had absorptions at 3504 (OH), 2949 (CH) and 1732 (CO). The 1 H NMR, 13 C NMR and the HSQC spectrum revealed carboxyl and hydroxyl substituents, a trisubstituted doubled bond, and an AB system as well as six methyls, two acetyls and one methoxyl. The data for 3 are identical to those for 23-acetoxy-3βacetylimberbic acid-29-methyl ester synthesized by C. B. Rogers in 1988 [15] from 1α,3β-dihydroxy-olean-12en-29-oic acid-23β-O-α-L-rhamnopyranoside by acid hydrolysis, esterification with diazomethane and acetylation. This is the first time that compound 3 has been isolated from a natural source.
The five compounds are all oleanane type pentacyclic triterpenoids which are very abundant in the plant kingdom and are reported to have interesting biological, pharmacological and medicinal activities [16] . Table 1 shows the cell growth inhibition activity of the five compounds in three tumor cells determined by MTT assay. Compound 1 had moderate activity against human lung cancer cell line SPC-A-1, human erythroleukaemic line K562, and human gastric cancer SGC-7901 cells, however, compound 2 was not toxic to the same three tumor cell lines. Compound 1 has marked anti-tumor effects and exhibits cytotoxic activity toward many cancer cell lines in culture [17] . Compared to compound 1, compound 2 has an additional hydroxyl group at C1, a carbohydrate moiety at C23 and interchanged carboxyl and methyl groups at C28 and C29. That the position of the carboxyl group significantly affects the cytotoxicity of oleanane-type pentacyclic triterpenes was known [18] , but not for the interchanged positions in compounds 1 and 2. The differences in the two structures indicate that the carbohydrate moiety, the hydroxyl group and/or the "-" means non-cytotoxic; "n" means number of experiment "SD" means standard deviation position of the carboxyl group affect the cytotoxicity of compound 2. While compounds 2, 3 and 4 have the same skeleton, different substituent groups cause their cytotoxicity to vary over a wide range. Compound 2 and 4 are saponins and differ mainly in the substituents at C1 and C3. These differences indicate that the acetyl group might increase cytotoxicity. A saponin is a steroid or triterpenoid with attached carbohydrates and various acyl groups. While most studies focus on the carbohydrates, little is known on the effect of the acyl groups on activity [19] . In this study, compounds 2 and 4 were hydrolyzed to give the same product (compound 5) as confirmed by HPTLC and NMR. The only difference between 2 and 5 is the absence of the 4'-acetylrhamnose moiety in the latter, which shows higher cytotoxicity. On the other hand there is a decrease in cytotoxicity for 5 compared to 4. This suggests that the presence of the acetyl groups in the latter compound may be important for cytotoxicity.
Compound 3 shows higher cytotoxicity compared to the other three compounds, except for the cytotoxic activity of compound 4 against human erythroleukaemic line K562. Compounds 3 and 5 differ in the three functional groups connected to C3, C23 and C29. The AcO groups at C3 and C23 together with the COOMe moiety at C29 seem to enhance the cytotoxicity. The suggestion that the presence of acetyl groups in the triterpene aglycone structure play an essential role for cytotoxicity is supported by the results of Chan [19] and Zhang [20] . The COOMe moiety may have similar positive effects on the cytotoxicity.
Cytotoxic oleanane triterpenoids from Combretum oliviforme
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Extraction and isolation:
Air-dried leaves (2.0kg) were ground and refluxed with 3×30L portions of 95% ethanol, each for 1h. The ethanol extract was evaporated to dryness in vacuo to give 210g of a residue which was suspended in water and extracted with petroleum ether (3×2L). The combined petroleum ether extracts were evaporated to give 30g of a residue, of which ~20g was dissolved in 80% ethanol, extracted with petroleum ether (3×0.5L) to remove chlorophyll and evaporated to give ~15g residue that was chromatographed on a 4×60 cm silica gel column using a stepwise gradient of petroleum ether and 1-100% acetone in ~100 500mlfractions followed by acetone with 10-100% MeOH in ~10 500ml-fractions. Collected fractions were evaporated under vacuum and examined by TLC. Similar fractions were pooled to give twenty-seven major fractions (F 1 -F 27 ). F 15 (~0.5g) was chromatographed on a silica gel column using mixtures of increasing polarity from pure petroleum ether to acetone to afford F 15 -3 which was further separated on a reversed-phase C 18 silica gel column elution with a MeOH-H 2 O gradient (4:6, 6:4, and 8:2) to give compound 1 (20 mg) and 3 (25 mg). F 23 (~0.3g) was chromatographed over silica gel using mixtures of increasing polarity from pure CHCl 3 to CHCl 3 :MeOH=10:1) to afford F 23 -50 which was chromatographed repeatedly over a reversed-phase C 18 silica gel column and Sephadex LH-20 column with corresponding solvents to produce compound 4 (18 mg) . F 27 (~0.5g) was chromatographed over silica gel with mixtures of increasing polarity from pure CHCl 3 to CHCl 3 :MeOH=9:1) to afford F 27 -2 which was further separated on reversed-phase C 18 silica gel with a MeOH-H 2 O gradient (9:1) to give compound 2 (32 mg).
Cytotoxicity: Cytotoxic activities were studied by the published methods [21] . The cells of human lung cancer cell line SPC-A-1, human erythroleukaemic line K562 and human gastric cancer SGC-7901 were grown in a humidified atmosphere of 5% CO 2 in air and fed with the culture medium supplemented with 10% fetal bovine serum and 1% penicillin-streptomycin solution. The MTT assay was used to measure the cytotoxicity of compounds 1-5 on the above cell lines by exposing them for 24h at concentrations of 0.02, 0.2, 2, 20, 200 µM. To evaluate the bioactivity of four compounds, adriamycin was used as positive control and non-treated culture cells as a negative control. A 96-well plate was seeded with 1×10 4 cells in triplicate and the drugs added to the wells at the indicated final concentrations after 6h. After incubation for 24 h, the medium in each well was replaced with 20 µl of MTT (3-[4,5dimethylthiazol-2-yl]-2,3-diphenyltetra-zolium bromide) to 5mg/ml final concentration. After 4h 150 µl DMSO was added to each well to dissolve the violet formazan crystals formed within metabolically viable cells. The plates were incubated at 37 ˚C for 15 min and then read at 590 nm with a microplate reader. The percent of growth inhibition was calculated as (OD of the control-OD of the experiment samples)/OD of the control × 100. The IC 50 was calculated as the concentration (µM) of compounds causing a 50% inhibition of cell viability.
General method for acid hydrolysis: Each saponin (3 mg) dissolved in dioxane (150 µl) and 2 N HCl (150 µl) was heated at 100 ˚C for 1 h. The reaction mixture was diluted with H 2 O and extracted twice with EtOAc [22] . From the EtOAc layer, the hydrolysis product was detected by HPTLC [developing solvent (MeOH:H 2 O=85:15), compound 2 (Rf=0.66), compound 4 (Rf=0.56), compound 5 (Rf=0.70)].
